in prophase between the un.ivalents, either by chiasmata or secondary attraction. The mechanism suggested by Catcheside (1950) to account for the polarised segregation of B chromosomes in Parthenium could not be operative in the present case.
(2) The development of the pollen Pollen development after melosis conforms with that usual in the Styphelieae (Smith-White, 1948a) A. Pollen mother cell following meiQsis and nuclear migration. B, c. Early stages in the development of the tetrad. D, E. Uninucleate stages in pollen development. F, A. A young binucleate pollen grain. The smaller nucleus, assumed to be the generative nucleus, is distal to the aborted cells.
G.
The mature pollen grain.
This type of pollen development is found in most genera and species of the Styphelieae. It is characteristic of the tribe, and therefore antecedent to the condition of triploidy in L. juniperinus. A rather similar type of pollen development has been described in the Cyperaceae (Juel, 1900; Stout, 1912; Piech, 1928; Tanaka, 1940, '94').
In the young pollen grain, the two nuclei are unequal in size and are asymmetrically placed. The smaller nucleus usually lies distally or obliquely to the aborted cells. If it may be assumed that the smaller nucleus is the generative one, this orientation does not conform to that characteristic of angiosperm pollen, as demonstrated by Darlington and Mather (i4) in Hyacinthus and by de Almeida and Sampaya (1950) in Luzula. Samuelsson (1913 , cf. Maheshwari, 1950 reported that in Vaccinium the pollen tetrads produced their generative cells near the peripheral walls, but in tetrad pollen in Richea (fig. 3A, n) and in Epacris, the orientation of the generative nuclei is similar to that of Luzula.
The granular cytoplasm of the young pollen grain is densely packed with plastids and starch, and a direct determination of chromosome constitution in the P.G. mitosis has not been achieved. An analysis of variation in pollen size in comparison with that of the related diploid species L. esquamatus (2n = 8) was made in an attempt to infer cytological heterogeneity ( fig. 2 ). The pollen of L. juniperinus has a larger mean size, and a significantly higher standard deviation.
However, both size distributions appear to be unimodal, and neither shows any significant deviation from normality. In L. esquamatus, the whole of the variability must be dependent upon differences in food storage, and in L. juniperinus, a similar explanation is probable. The data do not deny the view that the functional pollen is of uniform constitution. The extent of pollen fertility has been described previously (bc. Cit.) where it was shown to be higher than would be expected with random univalent segregation. Culture of pollen in 25-30 per cent. sucrose solution, using La Cour's cellophane square technique (Darlington and La Cour, 1948) results in rather erratic germination after 48 hours. No approach to 100 per cent. germination of apparently sound pollen has been achieved, but there does not appear to be any correlation between germination and pollen size. It is unlikely that germination of all potentially functional pollen can be obtained in sucrose solution. The tube cytoplasm, like the pollen cytoplasm, is granular and contains a great deal of starch.
Following artificial self-pollination of excised flowers in gin. x i in. phials, pollen germination and pollen tube penetration of styles have been observed in twenty-four hours. On the plant, flowers are markedly protandrous, and self-pollination seems to occur frequently before the corolla opens.
The Styphelieae are particularly suited for the study of pollen tube growth in styles. As in the Ericaceae, the style is hollow, and the pollen tubes grow down a central canal. The heavy concentration of starch in the tubes gives them an appearance not shared by stylar tissues. Using section-crush techniques, pollen tubes have been seen in the lower parts of the styles, and penetrating the micropyles of ovules. It is unlikely that the species is apomictic.
(3) Megasporogenesls and the embryo sac Brough (1924) has described the morphological development of the female gametophyte in Styphelia long jfolia, and his studies will provide a basis for comparison in the following treatment. In S. longfolia, the monosporic, 8-nucleate embryo sac is derived from the micropylar megaspore. The other three megaspores do not degenerate until after fertilisation. The primary endosperm nucleus is formed by the fusion of two polar nuclei, and is consequently dipboid. The addition of a haploid male nucleus gives a triploid endosperm. Brough's treatment was entirely morphological, but triploid endosperms associated with dipboid embryos (2x = 8, 3X = 12) have been observed in S. longfolia, S. trflora, S. laeta, S. tub jflora, Leucopogon esquamatus, L. rotundfolius, L. propinquus and L. setiger ( fig. 8E, F) . These determinations confirm Brough's interpretation.
The pistil of L. juniperinus is composed of five fused carpels. It is differentiated into a -loculed ovary, a hollow style 7-10 mm. long, and a small glandular stigma. In each locule there is a single anatropous ovule on an apical placenta. In the young ovule a single massive integument surrounds a small nucellus comprising only a single axial row of cells and a nucellar epidermis. The terminal cell of the axial row becomes the E.S.M.C. At the time of meiosis the nucellus is deeply embedded in the integument, and is connected to the external micropyle by a long narrow canal.
Meiosis in the E.S.M.C.-The course of meiosis in the E.S.M.C. appears to be identical with that already described for the P.M.C. In late prophase and at first metaphase four bivalents and four univalents are present. The univalents lie off the plate, towards either or both poles ( fig. 4A , B), and may be pushed almost to the extremities of the spindle. The observed univalent segregation (table i) Metaphase counts of the second division have not been obtained, but the divisions, seen in side view, are apparently normal, and a row of four megaspores is produced. The megaspores are at first of approximately equal size. There is no parallel to the nuclear migration found in the P.M.C. Embryo sac abortion.-When all five embryo sacs in a nearly mature flower are examined, they rarely show conparable development ( fig. 6) . One, two, or more rarely three, may show "full" development, as judged by the presence of conspicuous synergids, and the others are underdeveloped. Observation of all five embryo sacs in a flower has been achieved in five cases (table 2). Pre-pollination E.S. abortion approximates to 75 per cent., and this frequency should be compared with data on seed fertility described below. Only one is functional. In the other four the synergids are not developed, and they appear to have failed after partial growth. X 640.
obsolete embryo sac can be recognised in stages later than that shown in fig. 7C . In that example two degenerate nuclei are shown in the Fit to (l+) distribution, y1 = 0443. 3 D.F. P = oq. lower half of the sac, and are probably two of the three antipodals the degenerate non-functional megaspores can still be recognised.
The development is of the "caryophyllad" type as defined by Johansen (i 950), and has a remarkable similarity to that of Medicago lupulina. A greatly elongated suspensor is apparently characteristic of the Styphelieae. Mitoses have been observed in embryos ranging in development from that illustrated in fig. 7A to that shown in fig. 7D . The chromosome complement is invariably i 2. Zygotic elimination of cytologically unbalanced embryos is not a factor of any importance in the stability of the species. Seed ferlility.-L. juniperinus sets fruit abundantly. The proportion of fruit set, and seed fertility, can be estimated in a novel manner. Every ovary has five ovules, but fruits usually contain only one or two seeds. Data on number of seeds per fruit for L. juniperinus and other species are given in table 3. In the case of the East Gordon plants, the satisfactory fit of the observed distribution to the binomial (+k)5 indicates that only about 25 per cent. of ovules develop into seeds, that one functional seed serves to ensure fruit development, and that the fate of any ovule is independent of the fates of the other ovules in the same ovary. Further, it may be estimated that 25 per cent. of flowers fail owing to the absence of effective ovules.
In the Milton material, ovule fertility is much higher, exceeding 40 per cent., and approaches that found for the diploid species Styphelia tubfiora. The tetraploid L. bflorus has a lower fertility, approximately I2 per cent. In all these examples, the observed distributions show a satisfactory fit with binomials. The data for L. setiger indicate a different basis of seed fertility, involving probably severe competition within the ovary.
The data on pre-pollination embryo sac abortion were obtained from East Gordon plants. It is apparent that E.S. abortion is primarily responsible for seed failure, and this failure can in fact be recognised very early in the development of the fruit. With the evidence for polarised univalent segregation in meiosis and the requirement of an 8-chromosome embryo sac, it may reasonably be concluded that in 25 per cent. of the E.S.M.Cs. there is a full polarisation of the four univalents to the micropylar megaspore. Random segregation would give such an occurrence with a frequency of only 6k per cent. ...
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... In the P.M.C., where" ends "cannot be distinguished, polarisation results in only about 50 per cent. of viable monad pollen. The four univalents must pass to the same i-A pole in 50 per cent. of cases, or twice the frequency estimated for the E.S.M.Cs. If, however, in the E.S.M.C., polarisation is independent of the micropylar-chalazal axis, it could be inferred that in an additional 25 per cent, of E.S.M.Cs.
all univalents would pass to the chalazal pole. The conditions of polarised segregation are probably similar in pollen mother cells and embryo sac mother cells.
DISCUSSION
Leucopogonjuniperinus is a triploid, in which one haploid chromosome set shows no tendency to pair in meiosis. It must be allotriploid, with a diploid set from one parent and a haploid set from another.
The morphological and cytological uniformity of the species, its wide and probably discontinuous range, and the absence of any obvious parental species, suggest that it has had a single and rather remote origin. It must have a rigid genetic system giving it little evolutionary potential.
In L. juniperinus neither apomixis nor zygotic selection can be operative. There is a system of complementary gametic elimination reminiscent of the inheritance of the rigens and curvans complexes in Oenothera muricata. Its genetic system extends that known in Rosa canina (Tackholm, 1922 , Hurst, 1931 . In both, the univalents are carried, apomictically as it were, in the maternal line only. In L.
juniperinus, however, there is a controlled elimination of univalents in the pollen, and this condition is absent in R. canina. The origin of controlled univalent elimination in the pollen was probably dependent upon the prior existence of the monad type of pollen development, and on cytoplasinic polarity. It must be inferred also that in the E.S.M.C. the conditions for polarised segregation were antecedent to the origin of triploidy. Darlington's view (1937, p. 464 ) that in R. canina the control of univalent segregation in the E.S.M.C. was achieved by adaptation in the course of sexual reproduction cannot hold in the present case.
The systems of dfferentiation.-There are evidently several distinct sets of conditions operating in the development of the embryo sac in L. juniperinus, and these may be related to more normal conditions in the angiospermic ovule.
(x) There is a tissue gradient extending over the ovule, which determines the development of the micropylar megaspore. A similar gradient, more often favouring the chalazal megaspore, is normal in angiosperm ovules generally. There is no comparable condition in the anther.
(2) There is an intracellular gradient in the E.S.M.C., and also in the P.M.C., which controls univalent segregation. In the E.S.M.C., this gradient may act in either a rnicropylar or chalazal direction, and a functional E.S. is formed only when the two gradients act together. The tissue gradient is the stronger, since micropylar megaspores of unsatisfactory constitution show partial development, but chalazal ones never do so, even in the absence of effective micropylar competitors. This condition contrasts with that found in Oenothera muricata. The control of P.M.C. and E.S.M.C. segregation must be similar, and in the former a source of polarity may be suggested in precocity of the normal polarity of the PG mitosis. If a similar gradient is normally present in the angiosperm embryo sac, it follows that the basic causes of differentiation in the pollen grain and embryo sac are in part related.
() An undefined set of conditions, different in anther and ovule, determines the development of the sporogenous tissue into microspores or megaspores, pollen grains or embryo sacs. The observations of Nemec, de Mol, Stow, and Naithani (cf Maheshwari, 1950) on the development of embryo-sac like pollen in Hyacinthus show that these conditions are basically independent of the gradients just defined.
4. SUMMARY i. Leucopogon juniperinus is a permanent triploid species with a somatic chromosome number of 12. It has a wide distribution and is morphologically and cytologically uniform.
2. The species has retained a sexual system, and its stability as a permanent hybrid is maintained by complementary gametic elimination. Functional pollen is "haploid ", and the univalents are excluded from paternal transmission. Functional embryo sacs are "diploid ", and carry the univalents. There is a constant relationship of pentaploid endosperm with triploid embryos.
3. Conditions of meiosis are similar in the P.M.C. and E.S.M.C.
In both, a similar intracellular polarity must control univalent segregation.
4. Pollen is of the monad type generally characteristic of the tribe Styphelieae. The conditions which determine monad development probably also control univalent segregation, and are certainly antecedent to the origin of triploidy. 5. In the embryo sac three conditions can be recognised as being involved in development and differentiation. The first is a tissue gradient in the ovule, which is not found in the anther. Second is the intracellular gradient which determines univalent segregation. Third is a set f conditions determining femaleness in development.
